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A Case Study of Age-of-acquisition Effects in a Cantonese Individual 
with Anomia and Semantic Dyslexia 
Kwong Siu Ying 
Abstract 
 The study was the first one to investigate age-of-acquisition (AoA) effects on picture 
naming and reading aloud accuracies in a Cantonese aphasic speaker with anomia and 
semantic dyslexia and the matched normal individuals. The results of simultaneous multiple 
regressions of the grouped data showed that AoA effect was the sole factor consistently 
affecting both tasks in the aphasic speaker and normal speakers. Items acquired earlier in life 
were processed with higher accuracies. The arbitrary mapping hypothesis (Ellis & Lambon 
Ralph, 2000) proposes the effect is influenced by the degree of mapping between different 
representations. Results from reading task showed a larger AoA effect for characters from 
inconsistent conditions supported the hypothesis whereas direct comparison of AoA effects 
across picture naming and reading aloud failed to provide empirical support to the hypothesis. 
Possible limitations were discussed. 
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Introduction 
Age-of-acquisition (AoA), the age when an individual first acquires the meaning and 
pronunciation of a word, has been found to influence lexical processing tasks in normal 
people and patients with various disorders, e.g. aphasia, dementia and dyslexia. AoA has been 
identified in different tasks, for example, picture naming, reading aloud, lexical decision and 
object recognition (Johnston & Barry, 2006; Juhasz, 2005). The review of picture naming 
studies suggested that AoA was usually a significant predictor in naming latency in normal 
individuals and naming accuracy in individuals with language disorders (Juhasz, 2005). Items 
acquired earlier in life remain easier to retrieve and more accessible than the late-acquired 
items (Hirsh & Ellis, 1994).  
Criticisms against AoA effects 
The psychological reality of AoA effects sparked a controversial debate. Zevin and 
Seidenberg (2002) argued that AoA effects might be attributable to cumulative frequency. 
They suggested that since people come across the early-acquired items more frequently than 
late-acquired items. However, it is difficult to uphold this hypothesis when we look at results 
of other studies. Stadthagen-Gonzalez, Bowers and Damian (2004) found similar lexical 
decision times, error rates and naming latencies in late AoA-high frequency and early 
AoA-low frequency words. They also illustrated that naming latencies was much shorter in 
early AoA-high frequency words than in late AoA-high frequency words, this suggested a 
role of AoA effect independent of frequency. In addition, it is expected that AoA effects 
would decrease when chronological age increase. However, Morrison, Hirsh, Chappell and 
Ellis (2002) failed to find an interaction between age and AoA effect in picture naming and 
word naming, an incompatible finding with the cumulative frequency hypothesis. Bonin, Barry, 
Méot and Chalard (2004) presented further challenge to the hypothesis; they demonstrated 
significant AoA effects when the cumulative frequency was controlled for in a regression 
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analysis. 
AoA effects on picture naming  
 Significant AoA effects, which may or may not be accompanied by frequency effects, 
were found in all picture naming studies. Its consistent findings were noted across different 
research designs, for example, the regression design, partial factorial design or fully factorial 
design (see Juhasz, 2005 for summary). More notably, the AoA effects in picture naming have 
been observed in different languages, for example, English (e.g. Cuetos, Monsalve, & Pérez, 
2005), Greek (Bogka et al., 2003), Spanish (Cuetos, Ellis, & Alverez, 1999), and more 
recently, Chinese (Law, Weekes, & Yeung, in press; Weekes, Shu, Hao, Liu, & Tan, 2007). 
These findings are consistent with the arbitrary mapping hypothesis (Ellis & Lambon 
Ralph, 2000), which expects the effect to be observed if the mapping between input and 
output is arbitrary. Using simulation studies, Ellis and Lambon Ralph described the AoA 
effect as a characteristic of the learning system, which decreases with its plasticity. It is 
difficult for the system to overcome the loss of plasticity despite a higher frequency in the 
late-acquired items. In other words, items that acquired earlier can cause a greater structural 
change in the learning system and the system becomes less receptive to the late-acquired 
items. Within this hypothesis, AoA effect should be evident in picture naming as the mapping 
between object and its name is largely arbitrary.  
AoA effects on reading aloud  
Not only picture naming, researchers were also interested in finding out whether AoA 
effect is present in reading aloud tasks. Morrison, Hirsh and Duggan (2003) found a 
significant AoA effect independent of frequency effect on naming latency in an immediate 
naming task using a regression design, while Morrison and Ellis (2000) found both AoA and 
frequency effects. Research using factorial design yielded less consistent results. For example, 
Gerhand and Barry (1998) found both AoA and frequency effects with word length and 
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imageability controlled on naming latency using partial factorial design. Similarly, Morrison 
et al. (2002) found both AoA and frequency effects in younger adult group and found AoA 
effect without a frequency effect in the older adult group using the same research design. 
However, failure to observe significant AoA effect has also been reported (e.g. first stage of 
experiment in Barry, Johnston, & Wood, 2006). 
Despite some insignificant findings of AoA on reading, studies have reported findings 
that support the mapping hypothesis. According to the hypothesis, AoA effects should be 
smaller in naming words in transparent scripts (a consistent mapping between orthography 
and phonology), for example, evidence came from study in Dutch (Ghyselinck, Lewis, & 
Brysbaert, 2004 as cited in Juhasz, 2005). Besides, a study in Japanese also supported the 
hypothesis, which Havelka and Tomita (2006) found smaller AoA effect in Japanese Kana 
(transparent syllabic script) than that in Japanese Kanji (opaque logographic script). 
Research in Cantonese and Chinese 
Despite the extensive research done on language with alphabetic scripts with regard to 
AoA effect, investigations of AoA effects in the non-alphabetic languages, including Chinese, 
have only begun recently (B. G. Chen, Zhou, Dunlap, & Perfetti, 2007; Law et al., in press; 
Liu, Shu, & Li, 2007; Weekes et al., 2007). Chinese is a logographic system and its mapping 
between orthography and phonology can be described in two ways, the consistency and 
regularity. Chinese characters can either be simple or compound characters; the latter account 
for 80% of all the characters (M. J. Chen, 1996). Phonetic compound characters in Chinese 
are composed of a phonetic radical and a semantic radical. Shu (2003) considered a character 
to be consistent when its pronunciation is the same as the other characters in the same family 
sharing the same phonetic radicals. Otherwise, it is considered to be an inconsistent character. 
In addition to the dichotomous categories, gradient consistency value can also be obtained by 
calculating the number of the same phonological representations relative to the size of the 
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family. Zhou (as cited in B. G. Chen et al., 2007) suggested that the phonetic radical only 
predicts about 39% of the pronunciation of the characters correctly. In other words, phonetic 
radical is not always a reliable cue to the pronunciation of characters. Therefore, individuals 
need to memorize the sound mapping to the Chinese character during the learning process. 
Since the grapheme-phoneme correspondence in alphabetic scripts is not possible in Chinese 
and given the relatively arbitrary mapping between phonology and orthography in this 
language, it may be suitable to observe AoA effects in word naming in Chinese. 
In spite of the paucity of studies, researchers observed AoA effects on timed picture 
naming (e.g. Weekes et al., 2007) and reading aloud (e.g. B. G. Chen et al., 2007) in normal 
Mandarin-speaking participants. In addition, Law et al. (in press) found AoA effects on 
picture naming task in four out of five Cantonese-speaking anomic patients. A recent study on 
two Cantonese-dyslexic patients also revealed significant AoA effects on reading aloud task 
(Law, Yeung, Wong, & Weekes, 2007) 
Present study 
The current study was motivated by the extensive findings of AoA effects on picture 
naming and reading aloud tasks, as well as the limited similar studies in Chinese. As an 
opaque logographic system, Chinese would be a good tool to study the AoA effect. 
Consistent findings of AoA effects have been shown in previous studies; therefore, it 
was predicted that similar result could be obtained in Chinese. Added to this, since the 
mapping between pictures and phonology is more arbitrary than that between orthography 
and phonology, the arbitrary mapping hypothesis would predict that greater AoA effects in 
the picture naming task.  
The present study also investigated if AoA effects differ significantly in consistent 
characters and inconsistent characters. As the arbitrary mapping hypothesis predicted larger 
AoA effects in arbitrary or inconsistent mapping; therefore, participants’ accuracy in reading 
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aloud task in inconsistent Chinese characters would be anticipated to be more affected by the 
AoA effect when compared with the consistent characters. 
In the current study, same stimuli and predictors in Law et al. (in press) and Law et al. 
(2007) were employed in picture naming and reading aloud tasks respectively. Studying more 
cases using the same set of stimuli was necessary to testify the previous findings; moreover, it 
allowed the comparison of AoA effect in different individuals. 
Theoretical and clinical significance of the present study 
The current study was among the first ones to investigate whether AoA effect influenced 
the lexical processing in reading aloud and picture naming tasks in a single 
Cantonese-speaking aphasic patient.  
From a theoretical perspective, together with the analysis of different variables, 
comparison of the performance with control subjects as well as comparison of aphasic 
subject’s performance in picture naming and reading aloud, the current study would 
investigate the role of AoA in naming and reading accuracies; thereby looking into whether 
arbitrary mapping hypothesis of AoA effect was supported or not. 
From a clinical perspective, different psycholinguistic variables have always been taken 
into account in construction of assessment batteries and rehabilitation of aphasia. Frequency 
is one of the most common factors chosen to vary the difficulty of stimuli. However, as 
suggested by different research, AoA, instead of frequency, affects latency / accuracy in 
picture naming and reading aloud. Therefore, it interested us to investigate whether AoA 
effect would be found in aphasic patients and hence shed light on clinical perspective.  
Method 
Participants 
 ASP, a 50-year-old right-handed Cantonese-speaking female with a Form five education, 
was invited to participate in this study. She had a cerebral vascular accident in November, 
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2004. CT brain scan revealed left frontoparietal hematoma. She was diagnosed to have 
aphasia and mild apraxia. She was a secretary premorbidly. She received speech therapy at 
Prince of Wales Hospital on a bi-monthly basis at the time of study. She had also received 
weekly speech therapy jointly offered by Hong Kong Society for Rehabilitation and the 
Division of Speech and Hearing Sciences of the University of Hong Kong for three months in 
2007 and three months in 2006. This study started in October 2007 when she was about 35 
months post-onset. 
 Twenty normal Cantonese-speaking 47 to 54 years old people, whose age and education 
level (Form five to Form six) were matched with ASP, were recruited in Hong Kong.  
Initial Assessments and Hypothesized Underlying Deficits  
 ASP was classified to have anomic aphasia (Aphasia Quotient = 90.1) from the result of 
a Cantonese Aphasia Battery (Yiu, 1992) in November, 2007. To identify the locus/loci of 
naming impairment, a series of psycholinguistic tests on language, visual processing, 
attention, memory and cognitive were carried out. 
 Three subtests of Birmingham Object Recognition Battery (BORB), namely minimal 
feature view task, foreshortened view, and item match, were carried out (Riddoch & 
Humphreys, 1993). ASP achieved 100% (25/25), 96% (24/25) and 100% (32/32) respectively; 
indicating her visuospatial function was largely preserved. ASP attained 97.5% (39/40) 
accuracy in immediate auditory discrimination, indicating her phonological input processing 
was largely preserved. She attained 83.33% (25/30) accuracy in repetition of words. 
 Oral naming of culturally-appropriate pictures adopted from Snodgrass and Vanderwart 
(1980) revealed that ASP had naming problem as she attained 77.42% (168/217) accuracy. A 
reading aloud task using the same target words as those in oral naming task revealed ASP had 
deficit in reading aloud, in which she achieved 82.03% (178/217) accuracy. ASP’s 
performance on these tasks was not significantly different from each other (McNemar χ² = 
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1.397, p = 0.237), indicating that her reading aloud was mediated by lexical-semantic route. 
 Two non-verbal semantic tests were implemented. ASP achieved 97.30% (36/37) 
accuracy in the Pyramid and Palm Tree Test (Howard & Patterson, 1992) and 100% (23/23) 
accuracy in the associative match test of BORB, indicating ASP had largely-preserved 
non-verbal processing. In verbal semantic processing tasks, ASP achieved 99.21% (125/126) 
accuracy in spoken word picture matching, 96.83% (122/126) accuracy in written word 
picture matching and 70% (42/60) accuracy in auditory synonym judgement. Therefore, 
moderate semantic impairment was suspected. 
 Both oral naming and spoken word-picture matching involved semantic system, ASP’s 
performance was significantly different in these two tasks using the same targets (n=126, 
McNemar χ²= , p<0.001), indicating she had deficits in the phonological output lexicon and/ 
or the access to it apart from deficits in semantic system. 
 To sum up, it was hypothesized that ASP’s naming impairment was originated from 
deficits in verbal semantic processes, phonological output lexicon and/or access from the 
semantic system to phonological output lexicon. Besides, ASP also had semantic dyslexia. 
Materials and predictor variables 
In the oral picture naming task, there were 217 culturally-appropriate black-and-white 
line-drawing pictures selected from the Snodgrass and Vanderwart picture set (1980). Each of 
them was printed on an A5 paper. The values of seven predictor variables taken from Law et 
al. (in press) included (i) subjective frequency, (ii) subjective age of acquisition, (iii) object 
familiarity, (iv) word length, (v) log of name agreement, (vi) image agreement and (vii) 
visual complexity. Refer to Appendix A for definitions of the predictor variables taken from 
Law et al. (in press). 
In the reading aloud task, there were 260 Chinese single characters obtained from Law 
et al. (2007). Each character was printed in black on an A5 paper approximately 6cm × 6cm 
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in size. There were eight predictor variables taken from Law et al. (2007), they included (i) 
log of frequency, (ii) phonological consistency, (iii) subjective age of acquisition, (iv) 
imageability, (v) semantic transparency, (vi) semantic radical consistency, (vii) semantic 
radical combinability and (viii) number of strokes. On top of this, the ninth predictor variable, 
the interaction term of “AoA x Phonological Consistency” was added. Refer to Appendix B 
for definitions of the predictor variables (Law et al., 2007). 
 The stimuli of each of the tasks were randomized and divided into two sets. In other 
words, there were four sets of alternate naming and reading stimuli presented to the 
participants in different order. 
Procedure 
 All participants were tested individually in a quiet place. The aphasic participant was 
required to undergo the tasks on three occasions separated by intervals of at least a week. 
Each of the control participants was required to undergo the tasks once in one test session. 
 The experimental materials were presented to the participants one by one. The 
participants were required to name the picture or read aloud the character. The responses were 
recorded using a Samsung YP-55 MP3 player and transcribed in International Phonetic 
Alphabets (IPA) online by the experimenter. 
Data analysis 
Scoring 
The last response to each item was scored in both tasks. For the picture naming task, the 
responses were classified into modal response, alternative acceptable response and erroneous 
response. The modal name was based on oral language Cantonese instead of literary language 
in Chinese. The response would be considered correct if it was a modal name or an 
acceptable alternative name (e.g. naming 風箏 /fuŋ1 tsɐŋ1/ [modal name of kite] as 紙鷂 
/tsi2 jiu2/ or giving the English name, e.g. 蘑菇 ‘mushroom’ → mushroom). Minor 
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articulation errors, which the target and response sharing at least 50% of the phonological 
information (onset, rime and tone) were accepted as correct. Since acceptable alternative 
responses might differ in the values of predictor variables from those of respective modal 
names, they were removed from the subsequent statistical analysis.  
After removing the alternative acceptable responses in picture naming task, the accuracy 
of each item was calculated by the formula ‘number of modal responses / (number of modal 
responses + number of wrong responses)’. Each item in reading aloud task would have a 
score ranging from zero to three in ASP and zero to twenty in control group.  
The erroneous responses in the picture naming task were classified by their error types: 
(i) Semantic error including “superordinate response” defined as production of category name 
of the target, e.g. 西芹 ‘celery’ → 蔬菜 ‘vegetable’, “coordinate response” defined as 
semantic associate from the same category of target, e.g. 直昇機 ‘helicopter’ → 飛機 
‘aeroplane’ and “circumlocution” defined as describing the functions, activities, attributes or 
objects associated with the targets, e.g. 井 ‘well’ → 打水用 ‘for getting water’;  
(ii) Semantic jargon defined as nonword response which comprised at least a morpheme 
sharing semantic features with the target, e.g. 鎖 ‘lock’ → ‘* mun4-tsa3, door-surprise’;  
(iii) Unrelated response defined as real-word response without apparent relationships with the 
modal name, e.g. 鼓 ‘drum’ → 燈罩 ‘lampshade’; and  
(iv) Omission. 
For reading aloud task, the responses were classified into correct response and erroneous 
response. The latter included: 
(i) Semantic errors including “coordinate response” defined as semantic associate from the 
same category of target, e.g. 煎/tsin1/ ‘to fry in oil’ → 煮[tsy2] ‘to boil or to cook’ , 鋸/kœ3/ 
‘saw’ → 鎚[tshɵy2] ‘hammer’, “semantic feature response” defined as attributes, actions or 
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objects associated with the targets, e.g. 盜/tou6/ ‘a thief’ → 偷[thɐu1] ‘to steal’, “associate 
error” defined as character that could combine with the target character to form a meaningful 
word, e.g. 蝶/tip9/ → 蝴[wu4] could be combined and form the word 蝴蝶/wu4tip9/ 
‘butterfly’ and “semantic cognate response” defined as response that had the same meaning as 
the target, e.g. 桌/tshœk8/ ‘table’ → 枱[thɔi2] ‘table’;  
(ii) Legitimate Alternative Reading of Components (LARC) error defined as applying 
regularity rule to read aloud the phonetic radical in the character, e.g. 握/ɐk7/ → 屋[uk7];  
(iii) Orthographically-similar error defined as response sharing at least one radical with the 
target and was read aloud by analogy, e.g. 蠻/man4/ → 戀[lyn2];  
(iv) Phonological error defined as substitution of phonemes in the target character and 50% of 
the phonemes in the target were retained, e.g. 作/tsɔk8/ → 著[tsœk8];  
(v) Tonal error defined as response only differed in tone from the target, e.g. 訓/fɐn3/ →  
[fɐn1];  
(vi) Unrelated response defined as real-character response without apparent relationships with 
the target, e.g. 驀/mɐk9/ ‘suddenly’ → 樹[sy6] ‘tree’; 
(vii) Ambiguous response defined as response that could be classified more than one of the 
above types, e.g.抄/tshau1/ → 炒[tshau2], which could be classified as either 
orthographically-similar error or tonal error; and  
(viii) Omission. 
 Reliability 
 Ten percent of the items was randomly selected and subjected to reliability check. 
Inter-rater reliability on transcription was 96.30% in picture naming task and 96.27% in 
reading aloud task.  
Statistical analysis 
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Following previous studies, simultaneous multiple regression analyses were carried out. 
For both the reading aloud and picture naming tasks, the performances of ASP on three 
sessions were summed. The performances of the control participants were analyzed as a 
group separately again using simultaneous multiple regression.  
 A two-way ANOVA was used to analyze the accuracy in reading aloud task in order to 
determine the main effects of AoA and consistency, as well as their interaction effect. Four 
subgroups of characters in reading aloud task were selected manually to study the AoA effect 
on consistent and inconsistent characters in the control group and ASP. They were (i) 
Early-Consistent (EC), (ii) Late-Consistent (LC), (iii) Early-Inconsistent (EIC) and (iv) 
Late-Inconsistent (LIC) (n=15 in each condition, see Table 1).  
Table 1   
Means (and standard deviations) of predictor variables in the ANOVA analysis 
Group AoA Phonological consistency 
Semantic 
transparency 
Adult log 
frequency  Imageability 
Number of 
strokes 
EC 1.21 (0.65) 91.42 (7.94) 3.70 (1.68) 2.12 (0.73) 4.86 (2.03) 11.20 (3.82) 
LC 4.45 (0.76) 86.58 (15.18) 2.87 (1.54) 1.74 (0.52) 4.19 (1.61) 13.87 (3.62) 
EIC 1.35 (0.50) 25.41 (15.70) 3.75 (1.51) 1.96 (0.48) 5.21 (1.87) 11.27 (3.94) 
LIC 4.33(0.90) 18.07(16.05) 3.37(1.56) 1.65 (0.55) 4.33 (1.81) 13.73 (5.79) 
 
The AoA values were orthogonally varied with consistency values, whereas the values 
of semantic transparency, frequency, imageability and number of strokes were matched and 
were not statistically different across groups (p > .05). Semantic radical consistency and 
semantic radical combinability were not controlled; nevertheless, these two factors did not 
correlate with the name accuracies in ASP and the control participants in simple correlation.  
Results 
 The results from control participants and the aphasic participant in reading aloud task 
are presented first, followed by those from picture naming task. Response accuracies in each 
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group are presented before results of statistical analysis, followed by error distribution. 
Reading aloud 
 The average accuracy of the control group was 95.85% and individual performance 
ranged from 92.31% to 98.46%, while average accuracy of ASP was 59.74% and 
performance in three sessions were 59.62%, 60% and 59.62%. The descriptive statistics of 
the nine predictor variables, the simple correlations between reading accuracy of the 
participants and the predictor variables, and the result of simultaneous multiple regression 
analysis are summarized in Table 2. The intercorrelation of predictor variables from Law et al. 
(2007) are given in Appendix C. 
Simple correlation showed that AoA, frequency, number of stroke, phonological 
consistency, semantic transparency, interaction of AoA and phonological consistency 
correlated with naming accuracy of the control group significantly. The regression results 
revealed that the predictor variables taken together significantly predicted reading 
performance in control participants, F (9, 250) = 7.025, p < .001. The model explained 
20.20% of the variance. Subjective AoA, semantic transparency and the interaction of AoA x 
Phonological consistency were significant predictors of control participants’ reading accuracy, 
with AoA being the most important predictor as indicated by the standardized coefficients β.  
Control participants’ percentage of accuracies in a two-way ANOVA of items, which AoA 
was orthogonally varied with phonological consistency, were presented in Table 3.   
Table 3   
Percentage of accuracies of reading aloud in control participants in the ANOVA analysis 
 Early AoA Late AoA 
Consistent 98.67% 99.00% 
Inconsistent 99.33% 85.00% 
 
The analysis of control’s reading accuracy showed neither main effect of AoA, main 
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Table 2   
Results of simple correlation and simultaneous multiple regression on control data and ASP’s reading performance 
 Centered 
Age of 
acquisition 
Log (Adult 
Frequency) Imageability 
Number of 
Stroke 
Centered 
Phonological 
Consistency 
Semantic 
Radical 
Combinability 
Semantic 
Radical 
Consistency 
Semantic 
Transparency 
Centered 
AoA x 
Phonological 
Consistency 
Minimum -2.88 0.00 1.10 5.00 -46.16 3.00 44.00 1.00 -167.53 
Maximum 3.92 3.38 7.00 27.00 53.62 355.00 100.00 5.00 204.96 
Mean 0.00 1.77 4.87 12.30 0.00 155.77 78.36 3.58 -8.39 
Standard Deviation 1.51 0.67 1.71 4.17 35.31 105.79 12.01 1.48 54.35 
Skewness 0.28 -0.11 -0.56 0.70 0.24 0.425 -0.71 -0.69 -0.10 
Control participants – Simple correlation 
r = -0.372 *** 0.297 *** 0.0490 -0.139 * 0.106 * 0.059 -0.049  0.117 * 0.134 * 
Control participants - Simultaneous multiple regression 
t = -3.835 *** 1.948 -1.416 0.325 -0.065 -0.632 -0.623 2.378 ** 3.002 * 
β = -0.328 0.155 -0.118 0.021 -0.004 -0.040 -0.039 0.173 0.173 
sr2 = 0.047 0.012 0.006 0.000 0.000 0.001 0.001 0.018 0.029 
ASP – Simple correlation 
r = -.456 *** .373 *** .149 ** -.134 * .103 * .067 -.005 .013 .081 
ASP- Simultaneous multiple regression 
t = -4.174 *** 3.230 ** 2.063 * 0.737 -0.364 -1.240 -0.159 -1.338 2.068 * 
β = -0.342 0.246 0.165 0.046 -0.021 -0.076 -0.10 -0.093 0.114 
sr2 = 0.051 0.031 0.013 0.002 0.000 0.004 0.000 0.005 0.013 
Note  * = p < .05,  ** = p < .01,  *** = p < .001 
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effect of phonological consistency nor their interaction were significant (p > .05). 
In sum, the earlier a character is learned, or the more the meaning of a semantic radical 
is related to the meaning of the character containing it, the more probable is the correct 
reading in the control participants. 
Simple correlation showed that AoA, frequency, imageability, number of stroke and 
phonological consistency correlated with ASP’s naming accuracy significantly. Similarly, the 
results of multiple regression revealed that the predictor variables taken together significantly 
predicted reading performance in ASP, F(9, 250) = 10.120, p < .001. The model explained 
26.7% of the variance. Subjective AoA, log of character frequency, imageability and 
interaction of AoA x Phonological consistency were significant predictors of ASP’s reading 
accuracy, with AoA being the most important as indicated by the standardized coefficients β. 
 ASP’s reading accuracy in four subgroups was shown in Table 4. The analysis of ASP’s 
reading accuracy from a two-way ANOVA showed that main effect of AoA was significant, 
F(1, 56) = 11.12, p < .01 and main effect of phonological consistency was insignificant  
(p > .05). The interaction effect between AoA and phonological consistency was significant,  
F (1, 56) = 5.67, p < .05.  
Table 4  
Percentage of accuracies of reading aloud in ASP in the ANOVA analysis 
 Early AoA Late AoA 
Consistent 77.78% 68.89% 
Inconsistent 86.67% 33.33% 
 
The Tukey HSD procedure indicated that the accuracy in early-inconsistent group was 
significantly higher than that in late-inconsistent group (p < .05). No significant difference 
was found between the accuracies for early-consistent and late-consistent groups (p > .05). 
The result indicated that AoA effect was larger in inconsistent conditions than in consistent
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conditions. 
To sum up, the earlier a character is learned, the more frequent the character is 
encountered, the easier/quicker to generate a mental image from a character, or the more 
reliable a phonetic radical is as a phonetic cue, the more probable is the correct reading in 
ASP.  
Table 5 presents the distribution of control participants’ and ASP’s reading errors. The 
majority of control’s incorrect responses were orthographically similar to the target. The 
majority of ASP’s incorrect responses were omissions, followed by semantic errors.  
Table 5   
Error Pattern of control participants’ and ASP’s reading performance 
 Control ASP 
Number of errors 216 314 
Types of error   
No Response 1.39% 55.10% 
Semantic error 17.59% 26.11% 
Orthographically similar error 33.80% 3.18% 
LARC error 16.20% 3.50% 
Phonological error 0.46% 4.14% 
Tonal error 20.83% 2.23% 
Ambiguous 4.17% 1.59% 
Unrelated error 5.56% 4.14% 
 
Picture naming 
 The average accuracy of control group was 92.72% and individual performance varied 
from 87.10% to 96.77%, while accuracy of ASP was 78.80% and performance in three 
sessions were 76.04%, 82.49% and 77.88%. The descriptive statistics of the seven predictor 
variables, the simple correlations between picture naming accuracy of the participants and the 
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predictor variables, and the results of simultaneous multiple regression are summarized in 
Table 6. The intercorrelation of predictor variables from Law et al. (in press) are presented in 
Appendix D. 
In subsequent regression analyses, stimuli to which a subject provided alternative 
acceptable names were eliminated. This resulted in the exclusion of two items in control 
group and twenty three items in ASP from multiple regression analysis. 
Simple correlation between picture naming accuracy in control group and AoA, 
frequency, image agreement, name agreement and object familiarity were significant. The 
results of a simultaneous multiple regression revealed that the predictor variables taken 
together significantly predicted picture naming performance in control participants, F(7, 207) 
= 6.347, p < .001. The model explained 17.70% of the variance. Subjective AoA and name 
agreement were significant predictors with AoA being more important. Therefore, the earlier 
the item is learned, or the higher agreement the picture’s name is, the more probable it is to be 
named correctly by the control participants. 
Simple correlation between picture naming accuracy in ASP and AoA, frequency, image 
agreement, name agreement, object familiarity and visual complexity were significant. The 
regression analysis results revealed that the predictor variables taken together significantly 
predicted naming performance in ASP, F(7, 186) = 4.778, p < .001. The model explained 
15.20% of the variance. Subjective AoA was the only significant predictor. Therefore, the 
earlier an item is learned, the more probable it is to be correctly named by ASP. 
Table 7 presents the naming error distribution of control participants and ASP. The 
majority of errors by control participants were semantically related to the target; while 
majority of ASP’s incorrect response was omissions, followed by semantic errors. 
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 Table 6   
Results of simple correlation and simultaneous multiple regression on control data and ASP’s picture naming performance 
 Subjective Age 
of Acquisition  Frequency 
Image 
Agreement 
Name 
Agreement H 
Object 
Familiarity 
Visual 
Complexity Word Length 
Minimum 1.63 1.10 3.08 0.00 1.97 1.42 1 
Maximum 5.85 4.95 4.67 1.59 4.92 4.62 4 
Mean 3.46 3.22 4.25 0.34 3.66 3.30 1.80 
Standard Deviation 0.89 0.91 0.29 0.42 0.82 0.98 0.68 
Skewness 0.04 -0.03 -1.20 0.98 -0.26 -0.36 0.45 
Control participants – Simple correlation (N = 215) 
r = -.313 ** .147 * .172 ** -.274 ** .220 ** -.031 -.025 
Control subjects – Simultaneous multiple regression (N=215)  
t = -3.650*** -1.491 0.173 -3.750 *** 1.093 0.583 0.685 
Standardized Coefficient β = -0.337 -0.167 0.012 -0.247 0.129 0.040 0.052 
sr2 = 0.053 0.009 0.000 0.056 0.005 0.001 0.002 
ASP – Simple correlation (N = 194) 
r = -.349 ** .292 ** .221 ** -.163 * .298 ** -.167 * -.102 
ASP – Simultaneous multiple regression (N = 194)  
t = -2.513 * 0.525 0.734 -1.445 -0.280 -0.797 0.572 
Standardized Coefficient β = -0.251 0.066 0.057 -0.103 0.037 -0.059 0.047 
sr2 = 0.029 0.001 0.003 0.010 0.000 0.003 0.002 
Note  * = p < .05,  ** = p < .01,  *** = p < .001
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Table 7  
Error Pattern of control participants’ and ASP’s picture naming performance 
 Control ASP 
Number of errors 316 138 
Types of error   
No Response 3.80% 55.80% 
Semantic error 81.96% 39.13% 
Semantic jargon 1.58% 1.45% 
Unrelated error 12.66% 3.62% 
 
Comparison of AoA effects in reading aloud and picture naming tasks 
By comparison of squared semi-partial correlation (sr2) across two tasks, for control 
participants, the AoA effect was slightly larger in picture naming than in reading aloud. For 
ASP, the AoA effect in reading aloud was larger than that in picture naming. 
Summary of main findings 
 The AoA effect was the most significant predictor in picture naming and reading aloud 
in both control participants and ASP. AoA was found to affect the reading accuracy more in 
phonologically inconsistent characters for ASP only. The difference of AoA effects between 
the two tasks for the control participants was small; however, AoA influenced ASP’s reading 
aloud more than picture naming. 
Discussion 
Presence of AoA effect on reading aloud 
The results obtained from the reading aloud task suggest that AoA was the most 
significant predictor in both control group and the aphasic patient, ASP. The semi-partial 
correlations (sr2) of AoA and frequency were roughly equal in ASP while there was no 
frequency effect on reading in the control participants. When compared with most of the 
alphabetic languages, the relationship of the phonology and orthography in Chinese is more 
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arbitrary (Zevin & Seidenberg, 2002). Therefore, the present finding is compatible with 
previous observations that AoA usually affects the reaction times in normal individuals and 
accuracies in aphasic patients in the alphabetic languages. Subsequent analyses show that 
AoA was larger in inconsistent characters when compared with consistent characters in ASP. 
This result is comparable with earlier finding by B. G. Chen et al. (2007), who found that the 
magnitude of AoA effects of reading latency was greater in low-predictive radical families 
(31ms) than that in high-predictive phonetic radical families (9ms). However, the control 
group in this study failed to show similar effect in its subsequent analysis, which might be 
attributable to the overall high reading accuracies (see Table 3). 
Comparison of imageability and semantic transparency effects 
Besides AoA effect, semantic transparency and imageability were shown to be 
significant predictors in control participants and ASP, respectively. Among all the predictor 
variables, these two variables showed the highest intercorrelations (r = 0.771). Therefore, 
ASP’s linguistic processes despite her underlying impairment were comparable to 
age-matched control participants. Both ASP and control group utilized semantic information 
to access the pronunciations of the characters. 
The high correlation between the two variables could be explained by the activation of 
semantic system during word reading. Characters with high semantic transparency indicate 
that the meaning of their semantic radical is closely related to the characters’ meanings. 
Therefore, in the semantically transparent characters, their semantic radicals can activate 
semantic information which facilitates the semantic processing of the characters. While in 
characters with low semantic transparency, the semantic features in the radicals and the whole 
characters differ a lot, the activation of the semantic radicals may compete with the semantic 
processing of the characters (Zhou & Marslen-Wilson, 1999). On the other hand, characters 
with high imageability indicate that their meanings can quickly and easily generate mental 
images. Characters with high imageability are associated with more semantic predicates in 
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the semantic system than those with low imageability (Coltheart, Laxon, & Keating, 1988). 
Therefore, these two variables, measuring different parameters, could have a high correlation. 
Despite their high correlation, only semantic transparency was significant in the control 
group and only imageability was significant in ASP. It could be explained by the use of 
multiple regression in analysis, which is sensitive to high collinearity in the dependent 
variables. One significant predictor might have inhibited the effect of another predictor.  
According to the dual-route model of reading, the pronunciations of characters can be 
mediated by lexical-semantic route or non-lexical route. In the error distributions, ASP’s 
majority of errors other than no response were semantic errors. Besides, the low proportions 
of Legitimate Alternative Reading of Components (LARC) errors and 
orthographically-similar errors suggest that ASP was less able to read aloud via the 
non-lexical route. This may be taken to indicate that ASP read aloud by visual access and 
utilization of semantic system, i.e. the lexical-semantic reading route. Activation of semantic 
predicates helped to elicit the corresponding phonology of the character in ASP. Therefore, 
low imageability characters having few semantic predicates were less likely to elicit the 
corresponding pronunciations, resulting in omissions. Characters with high imageability 
having more semantic predicates were easier to access at the semantic level and more likely 
to elicit the correct responses or semantic errors in ASP. Since reading by semantic route was 
not always reliable; therefore, semantic errors would be resulted. 
In the control participants, semantic transparency instead of imageability was significant. 
This suggests that they utilized the semantic information from semantic radical to assist the 
pronunciation of the characters. In view of the error pattern, the proportion of semantic errors 
was lower than orthographically similar and LARC errors. This revealed the contribution of 
dual-route reading where the utilization of lexical route blocked some of the improbable 
semantic-related responses in phonetic characters. Although phonological consistency was 
not a significant predictor in reading task in the control group, the interaction between 
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phonological consistency and AoA was significant. Our current result might suggest that 
measurement of reading accuracy is less sensitive than naming latency to show the 
phonological consistency effect. On the other hand, significant effects of semantic 
transparency and the interaction term of phonological consistency and AoA in the control 
participants confirm the contribution of dual-route reading. 
Evaluation of arbitrary mapping hypothesis with regard to reading aloud task 
The major factor to determine the correct response in reading appears to be AoA in both 
control participants and ASP. Observation of greater AoA effects for inconsistent characters 
than consistent character support the arbitrary mapping hypothesis, which predicts larger AoA 
effects for items with more arbitrary mappings. With the use of simulations of connectionist 
network (Ellis & Lambon Ralph, 2000), they argued that if the mapping is consistent, the 
early-acquired words will assist the learning of late-acquired words, thus AoA effects will be 
smaller in consistent conditions. In Chinese, since the mapping between orthography and 
phonology is more arbitrary in inconsistent characters; individuals have to memorize the 
pronunciations during the learning process. Owing to the fact that there are many different 
pronunciations of inconsistent characters, both the control participants and ASP could hardly 
generalize the learning of early-inconsistent characters (e.g. 袋 /tɔi2/) to the learning of 
late-inconsistent characters (e.g. 悠 /jɐu4/). Results from the current study showed that AoA 
effect was larger and evident in inconsistent characters. This advantage of early-acquired 
items in consistent characters was reduced when compared with the inconsistent characters, 
as the learning of early-consistent characters (e.g. 澡 /tshou3/) could carry over to the 
late-consistent characters (e.g. 躁 /tshou3/), facilitating the assimilation of latter ones in the 
network. Therefore, AoA effect was reduced in consistent characters. 
The current results could be accommodated by the proposal suggested by Monghan and 
Ellis (2002), early-acquired characters have the advantages to make use of the plasticity of 
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the network and store themselves in the network. On the contrary, the late-acquired characters 
have to struggle to reconfigure the network in order to present themselves in the network and 
consequently, they are easily vanished. 
AoA effect on picture naming 
 AoA effect was found to be a significant predictor in picture naming task in both control 
participants and ASP. This finding was compatible with previous observations that AoA effect 
was consistently found to affect naming latencies in normal people and accuracies in aphasic 
patients. These observations support the AM hypothesis that AoA effect exists when there is 
arbitrary mapping between input (object) and output (object’s name).  
 Since picture naming involves item-specific mappings between the semantic and 
phonological representations, the learning of early-acquired object names could not assist the 
learning of late-acquired object names. For example, knowing the name for飛機 ‘airplane’ 
would not generalize to the later learning of the name for 直昇機 ‘helicopter’. The result 
from current study proved that AoA effect occurs when there is an arbitrary 
semantic-to-phonological mapping. 
Name agreement effect on picture naming 
 There was significant contribution of name agreement in control participants but not 
ASP. With regard to control subjects’ errors, majority of them were semantic errors. The 
semantic errors could involve semantic confusions between the objects from the same 
semantic class and the target objects or giving the target’s superordinate name. The name 
agreement variable was likely to reflect the lexical retrieval process (Barry, Morrison, & Ellis, 
1997). An item with high name agreement with a single dominant response was named more 
accurately as participants did not need to inhibit many competitors. Nonetheless, we note that 
the result might be related to the scoring method in picture naming task, because only the 
items which were given modal names or incorrect responses were counted; whereas the 
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alternative acceptable responses were not counted. For example, for the item 褸 ‘coat’, 
which was an item with low name agreement, nineteen out of twenty participants gave 
alternative acceptable responses (e.g. 男裝大褸 ‘coat for male’, 大褸 ‘big-coat’) whereas 
only one participant gave wrong response. Using our scoring method, the accuracy of this 
item would be zero as the alternative acceptable answers were not counted. This percentage 
could not reflect the actual accuracy, 95%. Similarly, for the item 大炮 ‘cannon’ with low 
name agreement, in the control group, nine participants gave modal response, six participants 
gave alternative acceptable responses (e.g. 炮 ‘cannon’) and five participants gave incorrect 
responses. The accuracy of this item would be 64.29% after adjustment, which was lower 
than the actual accuracy, 75%. Therefore, in the control group, items with low agreement 
received lower percentage of accuracy after the adjustment of score, and the actual accuracy 
could not be fully reflected using our scoring system. Since the control group consisted of 20 
normal individuals and each of them may retrieve different names, there existed higher 
chance of retrieving different responses in items with low name agreement. This resulted in 
adjustments in more items in the control group. While in ASP, she named the same items for 
three times in three separate occasions and she usually gave consistent responses to the same 
item. As a result, twenty three items which she gave acceptable alternative responses 
consistently in three sessions could not satisfy the formula of our scoring method were 
removed from the analysis. The subsequent 194 items entering regression analysis involved 
less adjustment in the scores, and this could explain why name agreement effect was only 
found in the control group but not in ASP. However, in order to preserve sufficient data for 
analysis in the control group, the use of current scoring system was inevitable. 
Comparison of AoA effects in both tasks with regard to the arbitrary mapping hypothesis 
 The comparable sizes of AoA effect in control participants and larger AoA effect in 
reading than picture naming in ASP were not compatible with the prediction of the AM 
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hypothesis. They were not consistent with the results in English, where stronger AoA effects 
were observed for picture naming than word reading (Lambon Ralph & Ehsan, 2006).  
 The failure to support the hypothesis could be attributed to two reasons. Firstly, unlike 
previous studies where the same items were used in both tasks and direct comparison was 
made of the respective AoA effects, the current design used different items which made the 
direct comparison perhaps inappropriate. However, using single characters in word reading 
task was inevitable because the measure of phonological consistency was measured on the 
unit of character in Chinese. Secondly, mean response time instead of accuracy was measured 
in the studies of alphabetic languages. Nevertheless, our current design adopted the use of 
accuracy. This might reveal that using naming latency as dependent variable could be more 
sensitive and suitable for contrasting AoA effects in different tasks. Given that an aphasic 
participant was tested in the present study, any hesitations and circumlocutions would make 
the implementation of measuring response time difficult, if not impossible. 
Conclusion 
In short, the arbitrary-mapping hypothesis was supported by the significant difference of 
AoA effects in post-hoc analysis of reading task. The use of current design of picture naming 
and reading aloud was not suitable to test the hypothesis. 
 The current study was the first one to study AoA effect in both reading aloud and picture 
naming on the same aphasic patient. The AoA effect was the sole factor that was consistently 
identified in both ASP and control participants in both tasks. From the theoretical perspective, 
the different magnitude of AoA effect in characters with different orthography-to-phonology 
mappings could account for the arbitrary mapping hypothesis. From the clinical perspective, 
it is recommended that AoA should be taken into account when choosing stimuli in 
assessment and treatment for aphasic patients. Clinicians should select and treat early- 
acquired items in the initial phase of treatment to establish a sense of success in patients.  
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Appendix A 
Definitions of predictor variables in picture naming (directly adapted from Law et al., 2007) 
 
For each stimulus item, properties along seven variables were obtained. 
(1) Subjective age of acquisition and object familiarity – A total of 60 native Cantonese 
speakers (30 males and 30 females) equally distributed across three age groups (young: 
20-39 years, middle: 40-59 years, and elderly: 60 years above) and two education levels 
(0-14 years of education and above 14 years of education) were asked to estimate the 
age at which they learned each item and to rate the degree of their familiarity with each 
object. AoA was rated using a seven-point scale with 2-year age band for each point on 
the scale (1: 0-2 years, 2: 3-4 years, 3: 5-6 years, 4: 7-8 years, 5: 9-10 years, 6: 11-12 
years, 7: 13 years or above). Object familiarity was rated on a five-point scale from 1: 
unfamiliar (rarely encountered) to 5: highly familiar (encountered nearly everyday). The 
participants gave both estimates for each picture, one object at a time. 
(2) Image agreement, visual complexity, and name agreement – The same group of 60 
subjects who provided normative naming data on the Snodgrass and Vanderwart 
pictures was asked to rate image agreement and visual complexity for each stimulus. 
The ratings were obtained following the same instructions and procedures described in 
Snodgrass and Vanderwart (1980). For image agreement, the experimenter would call 
out an object name and wait for about three seconds, during which the subject would 
close his eyes and try to imagine the named object. This was followed by presentation 
of the picture, which the subject rated on a five-point scale how closely the pictured 
object resembled his mental image. For visual complexity, the subject rated each picture 
on a five-point scale in terms of “the amount of detail or intricacy of line in the picture” 
(p. 183). Name agreement was computed based on the oral responses of the normal 
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subjects and using the H statistic (Morrison, Hirsh, & Duggan, 2003). 
(3) Word length – This was measured in terms of the number of syllables in each modal 
name. 
 
 A Case Study of AoA     34 
 
Appendix B 
Definitions of predictor variables in reading aloud (adapted and edited from Law et al., in 
press) 
 
The characters selected as stimuli for the task were phonetic compounds containing a 
semantic radical with some associated meaning and a phonetic radical that appears in at least 
four phonetic compound characters, and listed in Ho (1992). Based on a survey reported in 
Law, Yeung, Wong, and Chiu (2005), 106 semantic radicals are considered to signify certain 
concept(s) relatively consistently. At the end, 260 characters were chosen. Information on the 
following variables was obtained.  
1. Character frequency is based on a frequency count in Ho (1992). 
2. Phonological consistency: The phonological consistency of a character reflects the 
extent to which the target pronunciation dominates in the family of phonetic compounds 
sharing the same phonetic radical as the stimulus character. To qualify for a member of the 
neighborhood, a phonetic compound containing the target phonetic radical must be listed in 
both X. Li (2003) and Ni (1982), two dictionaries of phonetic compounds. The 
pronunciations of the characters are based on a Cantonese phonetic compound dictionary (Z. 
Li, 1989). The phonological consistency of a stimulus is computed by dividing the sum of 
frequencies of characters with the target pronunciation (regardless of tone) by the sum of 
frequencies of all characters belonging to the phonetic radical family. For items that cannot 
be found in the frequency count of Ho (1992), a count of 1 is given. 
3. Estimate of age-of-acquisition: Ten undergraduate students at the University of 
Hong Kong were asked to estimate for each stimulus character the age at which they believed 
it was encountered in books. An 8-point scale was used with point ‘1’ referring to preschool 
years, the next six points representing each year in primary school, and the end point 
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indicating secondary school or above. 
4. Imageability: The method of instruction for collecting imageability ratings was 
adopted from Chiarello, Shears, and Lund (1999). The concept of imageability was first 
introduced to a group of normal subjects. A character is of high imageability if its meaning 
can quickly and easily generate a mental image, i.e., a mental picture, sound, or other sensory 
experience. In contrast, if it is difficult or it takes a long time to create a mental image, the 
character is of low imageability. The subjects then provided an imageability rating for each 
character on a 7-point scale (1 = lowest imageability; 7 = highest imageability). 
5. Semantic transparency: Again, the same subjects were asked to make judgments 
about the degree of relational meaning between a character and its semantic radical on a 
5-point scale (1 = unrelated; 2 = indirectly and loosely related; 3 = weakly related; 4 = highly 
related; 5 = directly and strongly related). The meaning of the semantic radical in each 
stimulus character was provided for easy reference. 
6. Semantic radical consistency: This indicates how reliably a semantic radical can be 
used to predict the meaning of the characters containing it. The consistency rating is 
computed by dividing the number of characters carrying the target meaning reliably (i.e. a 
meaning that is compatible with that of the semantic radical according to the X. Li (2003) 
dictionary) by the total number of characters sharing the target semantic radical. 
7. Semantic radical combinability equals the number of compound characters in the X. 
Li (2003) dictionary containing the semantic radical. 
8. Visual complexity of a character refers to the number of strokes in the character. 
9. Interaction of AoA and phonological consistency: a multiplicative term of centered 
AoA value and centered phonological consistency value 
To reduce multicollinearity caused by AoA, phonological consistency and their 
interaction term, these vales are centered before entering into multiple regression (Tabachick 
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& Fidell, 2001). The centered term of AoA was calculated by subtracting mean of AoA from 
the respective AoA value. The same applied to phonological consistency value.
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Intercorrelation matrix among predictor variables in reading task 
 Frequency Imageability Number of Stroke 
Centered 
Phonological 
Consistency 
Semantic 
Radical 
Combinability 
Semantic 
Radical 
Consistency 
Semantic 
Transparency 
Centered AoA 
x Phonological 
Consistency 
Centered 
Subjective  
Age of 
Acquisition 
-.524 ** -.324 ** .425 ** -.158 ** -.271 ** -.051 -.194 ** .058 
Frequency  -.228 ** -.172 ** .337 ** .136 * -.040 -.201 ** -.075 
Imageability   -.128* -.141 * .199 ** .296 ** .617 ** .066 
Number of 
Stroke    .088 -.276 ** -.025 -.113 * -.007 
Centered 
Phonological 
Consistency 
    .070 -.095 -.095 .020 
Semantic 
Radical 
Combinability 
     .300 ** .094 .082 
Semantic 
Radical 
Consistency 
      .229 ** -.077 
Semantic 
Transparency        -.002 
Note * = p < 0.05,  ** = p < 0.01 
(The data was adapted and amended from Law et al., 2007) 
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 Appendix D 
 
Intercorrelation matrix among predictor variables in picture naming task 
 Frequency Image  Agreement 
Name  
Agreement H Object Familiarity Visual Complexity 
Word  
Length 
Subjective  
Age of Acquisition -.606 ** -.363 ** .094 -.643 ** .302 ** .382 ** 
Frequency  .397 ** -.144 * .771 ** -.285 ** -.343 ** 
Image Agreement   -.245 ** .388 ** -.085 -.056 
Name Agreement H    -.074 -.074 .008 
Object Familiarity     -.359 ** -.098 
Visual Complexity      .182 ** 
Note * = p < 0.05,  ** = p < 0.01 
(The data was adapted from Law et al., in press) 
 
 
